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ABSTRACT
Subfamilial classification within the red algal family 
Corallinaceae is currently undergoing much debate. Two 
competing classification schemes differ on primary emphasis. 
The traditional taxonomy relies on presence or absence of 
uncalcified regions called genicula, while the competing 
scheme accentuates secondary cell connections. Additional 
phylogenetic information is needed in order to resolve this 
issue. Since classical approaches to taxonomy have not been 
completely successful, researchers are turning to molecular 
and ultrastructural studies.
This study used the corallinoidean species Bossiella 
plumosa to determine that diagnostic ultrastructural 
features of tetra-, bi-, and carposporogenesis are identical 
within the same species as well as among all the other three 
currently accepted species of the genus Bossiella. Although 
most aspects of sporogenesis are the same for all red algae, 
some features vary. Previous ultrastructural studies have 
suggested that accumulations of an electron dense material 
(EDM) in the nuclear region of developing tetrasporangia in 
coralline algae might have taxonomic significance. Two 
types of EDM perinuclear associations were found in the 
geniculate subfamily Corallinoideae. One form is also found 
in a nongeniculate genus in the subfamily Mastophoroideae. 
EDM associations are absent in both amphiroidean genera, one 
lithophyloidean species, and the problematic genus 
Hydrolithon (Mastophoroideae). The presence of EDM 
perinuclear associations seems to correlate with the 
presence of cell fusions and uniporate tetrasporangial 
conceptacles. This study suggests that ultrastructural 
features, especially perinuclear organelle associations, may 
assist in reorganizing the systematics of coralline red 
algae.
PYLOGENETIC IMPLICATIONS OF SPOROGENESIS ULTRASTRUCTURE 
THE GENUS BOSSIELLA (CORALLINALES, RHODOPHYTA)
INTRODUCTION
The protistan phylum, Rhodophyta, encompasses a broad 
range of morphologically diverse eukaryotic organisms. They 
are characterized by the following: an absence of a 
flagellar apparatus in all stages of their life cycle; 
presence of phycoerythrin, phycocyanin, and allophycocyanins 
as accessory pigments on phycobilisomes (structures located 
on the outer faces of the thylakoids or photosynthetic 
lamellae) and; energy storage as floridean starch food 
reserves [oc-(1,4)-linked glucan] located outside of the 
chloroplasts in the cytoplasm. The Rhodophytan chloroplasts 
are also distinctive in that they have unstacked, evenly 
spaced thylakoids and, unlike all but the green algae, the 
chloroplasts lack a specialized, external sheath of 
endoplasmic reticulum. It is the combination of all of 
these features that makes the Rhodophyta unique (Woelkerling 
1990, Garbary and Gabrielson 1990).
Until recently (Garbary and Gabrielson 1990) Rhodophyta 
were divided into two subclasses, Bangiophycidae and 
Florideophycidae. While Florideophycidae appears to be 
monophyletic, Bangiophycidae is considered paraphyletic 
since they share no derived characteristics. Therefore, as 
a taxonomic alternative until inter- and infraordinal
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relationships for the bangiophytes are resolved, one class, 
Rhodophyceae, is recognized (Garbary and Gabrielson 1990) .
Characters that define each order and the ordinal 
interrelationships are much debated topics. This paper 
focuses on the order Corallinales, which is characterized by 
calcite embedded in its cell walls and pit plugs with no cap 
membrane and two cap layers, the outer one being "dome- 
shaped" (Gabrielson and Garbary 1986). In addition, all but 
two genera in the Corallinales have tetrasporangial 
conceptacles and simultaneous, zonate division of 
tetrasporangia (Silva and Johansen 1986) . These two genera 
have been placed in their own family, Sporolithaceae, while 
all other genera are in the Corallinaceae (Verheij 1993).
Two morphologically distinct forms of corallines exist. 
Geniculate corallines contain a few to many intergenicula 
(calcified segments) separated by genicula (uncalcified 
regions). Nongeniculate genera, however, do not have 
uncalcified segments and most form thick or thin crusts that 
adhere to a substrate (Johansen 1981) . Since almost all of 
the Corallinaceae forms are thoroughly calcified, they are 
well established in the fossil record; approximately forty 
fossil genera have been described. The earliest 
nongeniculate forms date back as far as the Jurassic Period, 
while the earliest geniculate species can be found in the 
early Cretaceous (Wray 1977).
During the 1700's, many scientists (including Linnaeus)
3
who prepared morphological descriptions of the known 
organisms concluded that the calcareous algae belonged to 
coral or coral-like groups. During the early eighteenth 
century, Lamouroux and many other researchers established 
many of the generic names that are still used for coralline 
algae today, but again insisted that they belonged to the 
animal kingdom. Finally, in 1837, Philippi described the 
botanical qualities of the crustose coralline red algae. It 
is unclear when the geniculate corallines and calcareous 
green algae joined the plant kingdom, but their "vegetable 
nature" was confirmed by Link in 1834. Near the turn of the 
nineteenth century, scientists began to distinguish the 
fossil coralline taxa by studying their reproductive 
structures. Reproductive features are now a fundamental 
part of classification schemes for both extinct and extant 
species (Wray 1977).
There has been an increase in the number of researchers 
interested in coralline algae due in part to the rarity of 
calcification in marine benthic species, occuring only in 
approximately eight percent (Wray 1977). Calcification 
occurs as a result of metabolic and biochemical processes. 
Spores are never calcified before germination and local 
decalcification occurs in some reproductive structures. The 
spore's first calcium carbonate crystals appear just after 
it settles on a hard surface, during its earliest cell 
divisions (Cabioch 1988).
4
As noted above, the order Corallinales can be 
subdivided into two families. The Sporolithaceae, 
established in 1993, are those algae that have cruciate 
division of tetrasporangia, lack tetrasporangial 
conceptacles, and form both secondary pit connections and 
fusions between cells. This includes no subfamilies and 
only two genera, both nongeniculate (Verheij 1993, Townsend 
et al. 1994). In Corallinaceae (Verheij 1993) all 
reproductive cells are borne in conceptacles, the 
tetrasporangia are zonate, and all non-parasitic genera have 
either cell fusions or secondary pit connections between 
adjacent cells. The parasitic genus Choreonema in the 
monotypic subfamily Choreonematoideae has neither.
The organization of extant Corallinaceae is a point of 
confusion for systematists (Gabrielson et al. 1991). The 
major source of debate is whether presence or absence of 
genicula is as important as other characteristics, 
particularly the nature of secondary cell interconnections, 
in determining phylogenetic relationships. The presence of 
genicula was first used as a characteristic in 1849 to 
determine subfamily level relationships (in Woelkerling 
1988). This characteristic is stable, readily detectable 
for all corallines, and no known species is both geniculate 
and nongeniculate. This characteristic is still regarded as 
the most important one in taxonomic schemes, and is 
championed by Johansen (1976, 1981) and Woelkerling (1988),
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who divide Corallinaceae into three geniculate subfamilies 
and four nongeniculate subfamilies (Table 1). Besides 
genicula, Woelkerling (1988) discribes four other features 
used to delineate subfamilies: type of cell connection, 
types of geniculum, number of pores in tetra- and 
bisporangial conceptacles, and presence/absence of 
tetrasporangial plugs.
The presence, type, and prevalence of secondary cell 
connections are major features used by Woelkerling (1988) to 
distinguish subfamilies. As mentioned earlier, the absence 
of any secondary cell connections separates the subfamily 
Choreonematoideae from all others. The subfamilies 
Corallinoideae, Metagoniolithoideae, Mastophoroideae, and 
Melobesioideae are distinguished by secondary cell 
connections that exist exclusively or principally as cell 
fusions (Woelkerling 1988) , whereas such connections in 
Amphiroideae and Lithophylloideae are principally or 
exclusively secondary pit connections. The type of 
secondary connection, along with other information from 
ontogenetic observations, meristem cell aging studies, and 
repair phenomena have lead some phycologists to suggest an 
alternate classification scheme based on many morphogenetic 
similarities between geniculate and nongeniculate genera 
(Cabioch 1988, Chamberlain 1978) . Even Johansen (1968), for 
example, describes morphological similarities between 
conceptacle development of the geniculate species, Amphiroa.
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ephedraea, and several nongeniculate corallines.
The type of geniculum is a stable species 
characteristic, and no species is found to have more than 
one (Woelkerling 1988). There are three types of genicula 
described, which implies three independent lines of 
evolution for geniculate corallines. Amphiroidean species 
have genicula that consist of a core of several tiers of 
cells that do not give rise to lateral branches and are 
either longer, shorter, or the same length of intergenicular 
cells. Corallinoideae genicula have a single tier of cells 
longer than intergenicula cells, and also do not give rise 
to lateral branches. Metagoniolithoideae species have 
genicula that have short cells that are not arranged in 
tiers, and can give rise to lateral branches (Woelkerling 
1988).
Another major feature, tetrasporangial and bisporangial 
conceptacle pore number, sets the Melobesioideae apart from 
all other corallines since this is the only subfamiliy with 
multiporate conceptacles as opposed to uniporate 
conceptacles found in all other families. A further 
diagnostic feature is tetra-/bisporangial plug occurance. 
Such plugs are found only in Corallinaceae subfamilies 
Choreonematoideae and Melobesioideae (Woelkerling 1988) and 
the genus Heydrichia from Sporolithaceae (Townsend et al. 
1994) .
Using the same five features as Johansen and
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Woelkerling, but with the major emphasis shifted, Cabioch 
(1988) and Chamberlain (1978) combine geniculate and 
nongeniculate algae which have traditionally been considered 
two different forms, into five subfamilies -- 
Choreonematoideae, Lithophylloideae (which includes 
Johansen's Amphiroideae), Corallinoideae (which includes 
Johansen's Mastophoroideae), Metagoniolithoideae, and 
Melobesioideae. Two of these (Lithophylloideae and 
Corallinoideae) include both geniculate and nongeniculate 
genera (Table 1).
Coralline red algae have a Polysiphonia-type or 
triphasic life history, composed of three distinct 
generations--the tetrasporophyte/bisporophyte, gametophyte, 
and carposporophyte (Johansen 1981, Hommersand et al. 1990, 
Gabrielson et al. 1991). Excluding the two genera in the 
Sporolithaceae, all coralline reproductive cells develop in 
conceptacles borne on the surface of the plant thallus.
When fully mature, conceptacles consist of a roofed chamber 
connected via a canal to an exit pore. With the exception 
of the tetrasporangial/bisporangial conceptacles of the 
subfamily Melobesiodeae, the conceptacles of coralline red 
algae are uniporate. Conceptacles of geniculate corallines 
originate from either medullary (primary in origin) or 
cortical (secondary in origin) tissue (Johansen 1969, 1981). 
Medullary tissue is associated with primary growth and gives 
rise to two types of conceptacles, either axial which
interrupt the branch axis by developing in the branch apices 
or marginal which form near branch apices of intergenicula, 
allowing branches to align themselves with sutending 
branches (Johansen 1969, 1981). The genera Bosiella, 
Calliarthron, Marginosporum, and Serraticardia develop 
cortical (lateral) conceptacles. These form in the 
intergenicula, just below the branch apices (Johansen 1969, 
1981).
The morphology of female/carposporangial conceptacles 
often differs from that of tetrasporangial/bisporangial 
conceptacles, even within the same species. The male 
conceptacle is generally the most uniquely shaped, having a 
beak-like roof (Johansen 1981). Overall spore development 
within the conceptacles is very similar for most coralline 
species. The fine detail of these processes, however, 
differs greatly between genera, making it an excellent 
potential source for phylogenetic determinations.
The tetrasporophyte/bisporophyte is the free-living, 
diploid stage. Tetraspores and bispores can occur within 
the same conceptacles on the tetrasporophyte, in different 
conceptacles on the same plant, or on separate plants. Both 
have a similar early developmental pattern. Within the 
tetrasporophyte conceptacles, sporangial initials divide 
into two cells, young sporangia and their subtending stalk 
cell. A young sporangium enlarges and prepares for meiotic 
division of its nucleus. Following meiosis, the nuclei
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arrange themselves on the cell's longitudinal axis and three 
cleavage furrows eventually divide the sporangium into a 
tetrad of haploid spores (Johansen 1981). Formation of 
cleavage furrows in red algae can differ greatly depending 
on the plane of division, timing (whether the furrows form 
successively or simultaneously), and the basic type of 
arrangement: cruciate, tetrahedral, or zonate.
Tetrasporangia of Corallinales are mostly simultaneously 
cleaved zonate, although a few are cruciate and not 
simultaneous. Although they are not cleaved simultaneously, 
zonate tetrasporangia are also found in some families of the 
order Gigartinales, suggesting parallel evolution in these 
evolutionarily distinct lines (Guiry 1978, 1990).
Bisporangia occur in several coralline species. Meiosis is 
assumed to be absent in these cells, since most bisporangia 
contain only two nuclei. Uninucleate bispores are assumed 
to be part of an asexual cycle (Johansen 1976).
Development in the conceptacle of a female gametophyte 
involves the division of meristematic cells in the 
conceptacle into carpogonial ("egg") filament initials and 
subtending support cells. The mature carpogonial branch 
system consists of just three cells: the carpogonium, the 
hypogynous cell, and the support cell. The carpogonial 
filament is the bottle-shaped female reproductive cell that 
has a narrow, upper portion, the trichogyne, which extends 
out of the conceptacle pore and is receptive to spermatia
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(Woelkerling 1988) . Divisions of the meristematic cell 
occur centrifugally such that the cells in the center are 
fully developed with their trichogynes receptive and 
projecting through the conceptacle pore, while the 
peripheral cells often lack trichogynes and are generally 
reduced carpogonial filaments (Johansen 1981).
Gamete formation by the male gametophyte begins with 
the formation of a spermatial mother cell which can divide 
indefinitely to form spermatia. As the spermatia increase 
in size and complexity, the pit plug that connects them to 
their mother cell ruptures. Pressure from younger cells 
growing around them eventually squeezes them out of the 
conceptacle (Kugrens 1980) . Each haploid, non-motile 
spermatium then passes through the water, hopefully to a 
female gametophyte where it unites with the trichogyne of a 
receptive carpogonium. The spermatial nucleus passes 
through the trichogyne to the carpogonium where it fuses 
with the female nucleus. This process results in a 
fertilized, diploid carposporophyte that will develop 
directly on the female thallus within the female conceptacle 
(Johansen 1981).
The development of the carposporophyte varies between 
coralline genera. After union of the male and female 
nuclei, the zygote nucleus is passed down to the support 
cell. This may occur either through cell fusion or via a 
"transfer tube". Following this transfer, support cells
11
fuse with each other and with cortical cells forming a 
fusion cell that covers the base of the conceptacle chamber. 
This process occurs in most corallinoidean genera, but in 
the genera of other subfamilies, the fusion cell has been 
found to be discontinuous or lacking altogether. Once the 
fusion cell has been established, gonimoblast filaments are 
produced. These are short, unbranched filaments that may 
bear developing carposporangia. Gonimoblast filaments have 
been found to be generated by two different methods. The 
gonimoblast filaments of Clathromorphum, Mesophyllum, and 
Melobesia establish connections through fusions with support 
cells of unfertilized carpogonia as they grow radially from 
the central fusion cells. As the gonimoblast filaments 
reach the periphery of the conceptacle, they cut off 
carposporangia. In corallinoidean genera such as 
Arthrocardia, Calliarthron, and Bossiella, the gonimoblast 
filaments never fuse with other cells as they grow directly 
from the upper surface of the fusion cell. In the 
Lithophylloideae and scattered taxa from other subfamilies, 
the latter process occurs, but the filaments grow only from 
the fusion cell margins (Johansen 1981).
To date, only three genera of coralline algae have been 
examined with the transmission electron microscope for 
details of sporangial development: post-meiotic 
tetrasporangial development of Corallina (Peel et al. 1973), 
tetrasporangial development of Haliptilon cuvieri (Vesk and
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Borowitzka 1984), and carposporagial development in 
Lithothrix (Borowitzka 1978). In 1993, Christina Wilson, a 
former graduate student at the College of William and Mary, 
initiated an ultrastructural study of tetrasporogenesis in 
the coralline red alga, Bossiella orbigniana (Wison 1993). 
Her major goal was to provide evidence to determine which 
classification scheme, Cabioch's or Johansen and 
Woelkerling7s, more accurately depicts the phylogeny of the 
Corallinaceae. Wilson found variations of perinuclear 
organelle associations and electron dense material 
previously described for only Corallina officinalis (Peel et 
al. 1973) and Haliptilon cuvierii (Vesk and Borowitzka 
1984), two other Corallinoideae members. Wilson further 
explored nuclei of several geniculate and nongeniculate 
corallines. She found that two primary variations of 
tetrasporangial perinuclear organelle EDM associations can 
be described for corallines. The Corallina-type was found 
in both a nongeniculate genus, Metamastophora, as well as 
three geniculate genera, Janiaf Corallina, and Haliptilon. 
The Bossiella-type was found in two geniculate genera, 
Bossiella and Calliarthron. Neither type was found in the 
two amphiroidean geniculate genera, Amphiroa and Lithothrix, 
nor were they found in Titanoderma, a nongeniculate 
lithophylloidean genus. Her preliminary study suggests that 
a union between certain geniculate and nongeniculate genera 
would be phylogenetically more correct.
13
The subfamily of interest in this research, 
Corallinoideae, is characterized by cell fusions (as opposed 
to secondary pit connections), genicula consisting of a 
single tier of long cells, uniporate and multilayered 
conceptacles, and the absence of tetrasporangial pore plugs 
(Johansen 1976, 1981; Chamberlain 1978; Cabioch 1988; 
Woelkerling 1988) . Genicula in Corallinoideae consist of a 
single row of long, thin, unbranched cells with thick, 
easily stained cellulosic walls which are uncalcified except 
at the tips (projecting into adjoining intergenicula). 
Genicular cells are initiated (following 5-20 tiers of 
intergenicula cells) by the medullary apical meristem.
Unlike intergenicular medullary cells, they elongate as they 
age and never form cell fusions. Primary pit plugs connect 
the genicula to the intergenicula.
The Corallinoidean genus that is of interest in this 
paper is Bosiella, a coralline genus in which intergenicular 
conceptacles originate in cortical tissue and are borne in a 
lateral fashion on the flat intergenicular surfaces 
(Johansen 1971) . Four species, two of which contain 
subspecies, are recognized in this genus on the west coast 
of North America. A TEM investigation of B. orbigniana was 
previously conducted (Wilson 1993). Bossiella plumosa 
Manza, the type of the genus, is the major emphasis of this 
study, although B. californica var. schmittii and B . 
chiloensis are also examined. The four species are compared
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to determine which ultrastructural characteristics are 
common to the genus. A second purpose was to examine and 
compare ultrastructural development of all sporangial types 
within a single species. If similar characteristics are 
present in all forms of sporogenesis, resources available to 
scientists would greatly increase since they could validly 
use different plant forms for comparative studies. The 
final purpose was to examine specific nuclear associations 
to determine their value as a phylogenetic and taxonomic 
tool in re-evaluation of the systematics of the family 
Corallinaceae.
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MATERIALS AND METHODS 
Electron Microscopy 
Transmission Electron Microscopy
Tetra-, bi-, and carposporophyte thalli of Bossiella 
plumosa were collected from Dillon Beach, Marin County, 
California on September 17, 1994, tetrasporophyte thalli of 
B. californica var. schmittii were collected from 
McKerrecher State Park, Mendocino County, California on 
December 1, 19 94, and carposporophyte thalli of of B. 
chiloensis were collected from Coleman Beach, Sonoma County, 
California on November 19, 1994. All three species were 
field fixed on ice in 3% glutaraldehyde in 0.1M phosphate 
buffer, pH 6.8, with 2.5% EDTA and 0.25M sucrose for 2-4 
hours. Following four rinses in buffer, the specimens were 
postfixed in 1% 0s04 in buffer for 2-3 hours. After a rinse 
in 50% acetone, material was placed in a solution of 2% 
uranyl acetate and 70% methanol solution for 12-24 hours at 
4°C. Tissue was dehydrated in an ascending acetone series 
and infiltrated and embedded in Embed 812. The samples were 
sectioned with a diamond knife on a MT6 0 0 ultramicrotome, 
stained for 1 minute in lead hydroxide, and observed in a 
Zeiss EM 109 transmission electron microscope. T-MAX 100 
film was used for photography.
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Scanning Electron Microscopy
Specimens collected as previously stated were air 
dried, rinsed in distilled water, re-dried in a desiccator, 
mounted on aluminum stubs, and coated with a 2 0 nm layer of 
gold/palladium in a Hummer VII sputter coater. An AMRAY 
1810 scanning electron microscope was used for viewing, and 
3 5 mm T-MAX 100 film was used for photography.
Light Microscopy 
Florescence
Tetrasporophyte thalli of B. plumosa were collected and 
fixed as described above and stored for several months in 
EDTA-sucrose phosphate buffer. An ascending ethanol series 
was used for dehydration prior to inflitration in Reichert- 
Jung Historesin. Thick sections (4jnm) were cut with a glass 
knife using a Sorvall JB-4 microtome, treated with 1:1 
mixture of the DNA fluorochrome 4'-6 diamidino-2-phenlindole 
(DAPI; 1/xg/mLDAPI) and the antifade solution 1,4- 
Diazabicyclo[2.2.2]octane (DABCO; 0.4mL) and viewed with an 
Olympus BH-2 photomicroscope equipped with a high pressure 
mercury vapor lamp (HBO, 100W). Ektachrome 64 35mm film was 
used for photography.
Toluidine Blue
Bossiella plumosa tetrasporophyte thalli fixed, stored, 
embedded, and sectioned as described above for florescence 
microscopy, were then stained with 0.1% toluidine blue. An
17
Olympus BH-2 photomicroscope equipped with Nomarski 
differential interference contrast optics was used and 
Ektachrome 64 3 5mm film was again used for photograph.
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RESULTS 
Bossiella vlumosa.
Bossiella plumosa is easily distinguished from other 
Bossiella species by its characteristic axial intergenicula 
(Figs. 1, 2) . The lateral branches of the intergenicula 
occupy its upper portion which, in other genera, would have 
developed into flattened extensions known as "wings."
Often, these lateral branches consist of only one 
intergeniculum and are flat in relation to the main axis of 
the plant (Johansen, 1971). The average size of each 
intergeniculum is 1mm long by 2mm wide. Up to two 
conceptacles can be seen on the faces of intergenicula, a 
total of four per intergenicula if found on both sides.
These conceptacles are never axial or marginal (Figs. 1, 2).
Tetrasporogenesis
Tetrasporogenesis has been described as occurring in 
four stages, based on the meiotic state of the sporangium 
during development (Scott and Dixon 1973, Kugrens and West 
1974, Vesk and Borowitzka 1984, Wilson 1993). Bisporangia 
and tetrasporangia develop either side-by-side in the same 
conceptacles, in separate conceptacles on the same thallus, 
or on different thalli altogether. The only noticeable
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ultrastructural differences in development of Bossiella 
bisporangia are in the number of cleavage furrows, the 
number of nuclei, and the absence of stage 2, meiosis. 
Tetrasporangia grow upright in the conceptacle and different 
stages of development are easily discerned in the same plane 
of section (Figs. 3, 4).
Stage 1; Pre-meiotic Tetrasporangia
Stage 1 marks the onset of tetrasporangia development 
in which elongation, vacuolation, and new organelle 
production are notable ultrastructural features (Figs. 5- 
12). Organelles, which are rare in younger cells, begin to 
increase in number. Mitochondria are abundant in early 
stage 1 tetrasporangia (Fig. 5). Straight-faced dictyosomes 
are always found associated with some of the mitochondria 
(Fig. 6). A moderately electron dense material appears in 
increasing amounts during early stage 1 development (Figs.
6, 8). This lipid-like, globular substance has no visible 
membrane. Chloroplasts also increase in number as plastid 
division is common in early stage 1 (Figs. 7, 8). Vacuoles 
are present throughout the cytoplasm in no organelle 
association. The stage 1 nucleus is located in the basal 
region of the cell (Fig. 8), but later migrates to the 
center of the tetrasporangium. Few organelles surround the 
nucleus, with the exception of long strands of rough 
endoplasmic reticulum (RER) and a few mitochondria (Fig. 8).
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Some RER is also found at the tetrasporangial periphery 
(Fig. 7). Note that the periphery of the young 
tetrasporoangium is distorted by the fixation process (Figs. 
5, 8) .
As the end of stage 1 approaches, the number of 
mitochondria surrounding the nucleus increases until an 
interrupted ring of mitochondria encircles the nuclear 
envelope (Fig. 9). The nuclear envelope is scalloped and 
mitochondria are often found within the invaginations (Fig. 
10). Surrounding these mitochondria during late stage 1 and 
early stage 3 (stage 2 was not observed) is a thick layer of 
electron dense material (EDM) which coats smooth surfaced 
membranes (SSM) (Fig. 10). Note that EDM is not found 
within the SSM cisternae. Chloroplasts division is less 
common in the late stage 1 tetrasporangia (Figs. 9, 11). 
Vacuoles, abundant by late stage 1, have starch grains 
around their periphery (Figs. 11, 12). A layer of RER 
envelopes the starch grains (Fig. 12). Concurrently, 
membranous material appears inside the vacuoles. These 
membranes are multi-layered and are often found to be 
concentric.
Stage 2: Meiotic Tetrasporangia
Due to the apparently short amount of time during which 
this stage occurs, meiosis was never observed.
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Stage 3; Post-meiotic Tetrasporangia
At the onset of stage 3, nuclei have completed meiotic 
division and all four cells are visable in the cytoplasm 
(Figs. 13, 14). Three cleavage furrows are formed, but 
cleavage does not occur until stage 4 (Figs. 15, 16).
Stage 3 tetrasporangia complete the transition to a 
non-vacuolate state. Vacuoles are nearly absent as starch 
grains are more abundant in the cytoplasm (Fig. 17). Nuclei 
are now evenly spaced along the center of the partially 
cleaved tetrasporangia (Fig. 17). The nucleoli are often 
located off-center in the nuclei (Figs. 17, 18).
Mitochondria are still found surrounding the nuclei, 
intermingled in EDM (Fig. 18), which continues to encase SSM 
around the nuclear envelope throughout stage 3. RER is 
found in association with organelles such as starch grains, 
mitochondria, and dictyosomes (Fig. 18); no RER is found at 
the tetrasporangial periphery. The nuclear envelope of all 
stage 3 nuclei is scaloped with mitochondria frequently 
located within the cup of the scallop (Fig. 18).
Migration of the nuclei towards each other occurs 
during the middle of stage 3. Such movement has previously 
been noted in Dasya (Broadwater et al. 1986b) and Bossiella 
orbigniana (Wilson 1993). The nuclei may be found in pairs 
with copious amounts of EDM coating SSM and mitochondria 
around at least one of the nuclei (Fig 19). Curved 
dictyosomes, still associated with mitochondria, are present
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and most likely account for the numerous electron dense 
vesicles (Fig. 20). Cleavage furrows are fully developed, 
but cleavage is arrested until stage 4 (Fig. 20). There is 
always a thin extension the tetrasporangial cell wall 
running through the middle of the furrows. The furrows are 
continuous with the developing thick mucilage layer. No 
clear evidence of mucilage layer formation was observed.
By late stage 3, numerous, discrete aggregations of 
electron dense vesicles are found throughout the cytoplasm 
(Fig. 21, 22, 24). The dictyosomes are still generally 
found to be associated with at least one mitochondrion near 
the cluster of electron dense vesicles that it produced 
(Fig. 24). Nuclear associations remain unchanged (Fig. 22). 
The lipid-like electron dense globules that appeared in 
stage 1 are still present in the cytoplasm, often surrounded 
by several starch grains (Fig. 24). Chloroplasts are highly 
developed with many evenly spaced thylakoids extending from 
one end to the other (Fig. 24). Along the tetrasporangia 
periphery are long discontinuous tracts of RER as well as 
many mitochondria (Fig. 23).
Stage 4: Mature Tetrasnores
Stage 4 marks the final stage of development for 
tetrasporangia in the conceptacle and begins with completion 
of cleavage to produce four mature tetraspores still 
surrounded by the single tetrasporangial wall and totally
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enveloped by an electron translucent mucilage layer (ML) 
(Figs. 25-27). Spacing of the ML between tetraspores is 
fairly consistent, enlarging only in the central-most 
portion (Fig. 27). Mature chloroplasts with numerous 
thylakoids are abundant in the cytoplasm (Fig. 27), while 
dictyosomes are rarely visible. The electron dense vesicles 
are no longer clustered and are found distributed throughout 
the cytoplasm (Figs. 27-29). Starch grains are often 
kidney-shaped and found to be surrounded by an electron 
transparent region, most likely due to shrinkage during 
fixation (Figs. 27-29). They are also randomly distributed 
rather than clumped as seen in Stage 3 (Fig. 21).
Unusally shaped, non-spherical stage 4 nuclei are no 
longer surrounded by EDM but are still encased in SSM (Figs. 
28, 29). Few, if any, mitochondria are found in the nuclear 
region and instead are located scattered throughout the 
cytoplasm and near the plasma membrane (Fig. 30).
Another significant development of this stage is the 
extensive tubule system found at the periphery of the 
teraspores (Figs. 30, 31). Peripheral tubules are found 
extending from the plasmalemma approximately 0.5/xm into the 
cytoplasm. A newly formed punctate, electron dense layer 
borders the plasmalemma. The electron dense border is a new 
wall layer known as the tetraspore wall (Vesk and Borowitzka 
1984) .
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Bisporogenesis
Since bisporogenesis is nearly identical to 
tetrasporogenesis, only diagnostic features will be 
described. Thalli of B. plumosa bearing both tetrasporangia 
and bisporangia were never observed in this study; instead 
independent bisporangial thalli were studied (Figs. 32, 33). 
Bisporangia are found inside dome-shaped conceptacles 
similar to those of tetrasporangia (Figs. 33, 34).
Toluidine blue stained conceptacles reveal variously aged 
bisporangia that are undergoing a developmental process that 
is very similar to that of tetrasporangia (Fig. 35).
Young stage 1 bisporangia, like stage 1 tetrasporangia, 
are extremely vacuolate and have an indistinct wall (Fig.
36). The nuclei have some RER but few mitochondria 
associated with them (Fig. 37). EDM is rarely found in 
young cells at this stage. However, the nuclei of late 
stage 1 cells are surrounded by much mitochondria and SSM 
that are covered in great quantities of EDM (Fig. 38).
These nuclei are reported to undergo just one mitotic 
division to produce a binucleate sporangium (not shown). 
Starch formation begins during late stage 1 (Fig. 38).
Since bisporangia do not undergo meiosis, a stage 
comparable to a tetrasporangial stage 2 cannot exist.
However, nuclei in the young bisporangium do divide 
mitotically, so a functional bisporangial stage 2 does 
exist, but was not observed. Cleavage furrows begin to
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develop during early stage 3 development as starch formation 
continues (Fig. 39). Late stage 3 bisporangia are partially 
cleaved and have aggregations of electron dense vesicles 
(Fig. 40). The nuclei are still surrounded by copious EDM 
and SSM (Fig. 41) , and a few mitochondria surround the 
nuclei. Starch formation is complete by stage 3, yet the 
starch grains remain somewhat clustered (Fig. 40).
Mature, stage 4 bisporangia have evenly dispersed 
electron dense vesicles, starch grains, and chloroplasts 
(Figs. 42, 43). Their nuclei, similar to stage 4 tetraspore 
nuclei, are also irregularly shaped and surrounded by SSM 
(Fig. 43). A peripheral tubule system associated with 
mitochondria and electron dense vesicles is also present 
(Fig. 44) as is a developing punctate bispore cell wall.
Carposporogenesis
Female/carposporangial thalli (Figs. 45, 46) are 
morphologically similar to tetrasporangial and bisporangial 
thalli. Carposporangia are visable inside broken 
conceptacles (Fig. 47) Several different cell types 
constitute the female reproductive tissues located in the 
conceptacle (Fig. 48). After fertilization, a large, 
convoluted fusion cell is found at the base of 
carposporangial conceptacles (Figs. 49-52). Pit plugs (Fig. 
49, 50) connect this cell to the meristematic gonimoblast
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cells which subtend 4-6 developing carposporangia (Figs. 56, 
57). Carposporangia can be found in three stages of 
development equivalent to stages 1, 3, and 4 of 
tetrasporogenesis, with the final stage being the mature 
form that is no longer connected to an underlying 
carposporangium (Figs. 58-73). Since there is no meiosis 
during carposporogenesis, again, stage 2, by definition, 
does not occur. Also found in the conceptacle are 
unfertilized carpogonial branches (Figs. 53-55). These are 
also attached to the fusion cell via pit plug connections, 
but are not involved in the production of carposporangia.
Fusion Cell
A long, convoluted cell covers the bottom of the 
carposporangial conceptacle in Bossiella plumosa. This cell 
is somewhat vacuolate (Figs. 49-52) and has tracts of up to 
15 layers of RER that run parallel with the long axis of the 
cell (Figs. 51, 52). Several large, spherical nuclei are 
present (Figs. 49-52) and clusters of mitochondria and 
poorly developed chloroplasts are located in various regions 
of the cytoplasm (Fig. 52). Occasionally a short, straight- 
faced dictyosome can be seen (not shown). Two cell types, 
unfertilized carpogonia (Figs. 53-55) and gonimoblast 
filaments (Figs. 49, 50), are found to have a pit plug 
connection to the fusion cell.
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Unfertilized Carpogonia
Unfertilized carpogonia are usually tall and elliptic 
These cells are believed to be degrading (Figs. 53, 55). 
Vacuoles and lipid-like vesicles can be found in the densely 
staining cytoplasm, as well as within the nucleus (Figs. 53- 
55). Clusters of poorly defined mitochondria, crystals, and 
degenerating haploid nuclei are also taken as signs of the 
cell's demise (Figs. 53-55).
Gonimoblast Cells
Gonimoblast cells are always connected via pit plugs to 
the fusion cell at one end (Fig. 49, 50) and to developing 
carposporangia at the other (Figs. 56, 57). Like the 
unfertilized carpogonia, they have densely staining 
cytoplasm and few organelles, but unlike the unfertilized 
cells, they have squat, squarish configuration and are much 
healthier in appearance (Fig. 57). The 1-2 presumably 
diploid nuclei of this cell are often large, spherical and 
have no mitochondrial associations (Fig 57). Lipid-like 
vesicles are also found in these cells. Several strands of 
endoplasmic reticulum are scattered throughout the 
cytoplasm, as are the few mitochondria and an occasional 
chloroplast.
Stage 1
The youngest carposporangia are located near the
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gonimoblast cells whereas more mature carposporangia are at 
the apical end of the filament (Fig. 56). The youngest 
carposporangia resemble the gonimoblast cell in cytoplasmic 
density and sparsity of organelles, but the carposporangia 
are always uninucleate (Figs. 58, 60). They are 
characterized by the presence of several large electron 
transparent, fibrous vacuoles as well as a highly modified 
electron traslucent area forming a channel between pit 
connections (Fig. 58). The "channel" is interupted by pit 
plugs but otherwise stretches across as many as three cells. 
Electron dense, concentric membrane bodies form within these 
channels. The nucleus of cells with a channel is not 
central due to the presence of the channel (Fig. 58).
Sparse RER is visible in the cytoplasm (Fig. 59). Discoid 
chloroplasts with only a few non-parallel thylakoids are 
often found scattered throughout the cell and some appear to 
be undergoing division. Mitochondria are also found 
throughout young carposporangia (Figs. 58, 59). In 
association with a few mitochondria are straight-profiled 
dictyosomes. There is an indistinct surrounding 
carposporangial wall present at this time.
As carposporangia mature, their general shape changes 
from an umbrella-like to more squared. The most 
characteristic feature of older stage 1 carposporangia is 
the large number of vacuoles dispersed throughout the 
cytoplasm (Fig. 60). Nuclei are spherical and enveloped in
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a zone of SSM, several encircling mitochondria, and some EDM 
(Fig. 61). Very few dictyosomes are visible in the 
cytoplasm, but those that have been formed are curved, 
associated with mitochondria, and making electron 
transparent vesicles. Layered RER is found along the 
periphery of the carposporagia (Fig. 64) and also radiating 
away from the nucleus (Fig. 61).
Stacre 3
Early stage 3 involves the production of starch in the 
carposporangium. Starch grains begin to form at the 
periphery of vacuoles and increase in number concommitant to 
reduction in size and number of vacuoles (Fig 62). 
Chloroplasts continue to divide and the number of thylakoids 
increase. Dictyosomes, still in association with 
mitochondria, are bowed and can be correlated with the 
appearance of electron dense vesicles (Fig. 63). These 
vesicles remain clustered together. The nucleus of the cell 
is central with a scalloped periphery which is surrounded by 
SSM and mitochondria (Fig. 63). The perinuclear membranes 
and mitochondria are encased in EDM, although EDM in 
carposporangia was not as electron dense as in the 
tetrasporangia of B. plumosa. Layered RER radiates away 
from the nucleus. The two to three layers of RER that 
followed the irregular outline of the stage 1 carposporangia 
are no longer present in young stage 3 cells (Fig. 64).
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Young stage 3 and old stage 1 cells are still connected by a 
pit plug (Fig. 64).
Older stage 3 carpospores have aggregated electron 
dense vesicles, many scattered starch grains, and RER 
enveloped nuclei (Fig. 65). Dictyosomes are cup-shaped and 
are found near collections of electron dense vesicles (Fig. 
67 ). Vacuoles are no longer present in these 
carposporangia and starch grains are distributed throughout 
the cytoplasm, as are the chloroplasts (Figs. 65-67, 69,
70). Extensive, multi-layered RER encases mitochondria,
EDM, and SSM at the nucleus (Figs. 66, 70). Several layers 
of RER are also present at the carposporangial periphery 
(Fig. 67, 68). A mucilage layer has formed around the 
entire carposporangium, but evidence of how it was formed 
was not observed.
Stage 4: Mature Carpospores
Stage 4 carpospores are fully mature (Fig. 71). The 
large, central nucleus is surrounded by SMM; no EDM is 
present (Fig. 72). Floridean starch grains are abundant 
throughout the cell (Fig. 71, 72). An electron transparent 
zone surrounds each starch grain due to fixation shrinkage. 
Also found scattered throughout the cytoplasm are the large, 
round chloroplasts with their many thylakoids (Figs. 71,
72). The electron dense vesicles are no longer aggregated 
but are now distributed throughout the cytoplasm (Figs. 71,
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72) . They are especially conspicuous as a discontinuous 
shell near the periphery of the cell, in association with 
mitochondria and peripheral tubules (Fig. 73). The 
peripheral tubule system is quite extensive. The tubules 
extend 0.5/xm from the plasmalemma into the cytoplasm, ending 
near mitochondria and/or electron dense vesicles (Fig. 73). 
The carpospore wall forms a punctate layer just outside of 
the plasmalemma (Fig. 73).
Bossiella californica var. schmittii
Bossiella californica var. schmittii (Fig. 70) differs 
morphologically from B. plumosa in that intergenicula are 
larger (3.5mm long by 5.2mm wide) and may contain 3-8 and 
even as many as 50 conceptacles on the upper surfaces (Figs. 
74, 75) (Johansen 1971, Konar 1993). However, the overall
appearance of the conceptacles and tetrasporangia is 
comparable to that of B. plumosa (Figs. 74-77). Only stage 
3 and stage 4 of tetrasporogenesis was observed for B. 
californica, and nearly all cellular events are comparable 
to those seen in B. plumosa.
Tetrasporogenesis
Older stage 3 tetrasporangia are practically identical 
ultrastructurally to those of B. plumosa (Figs. 78-81) .
Trace amounts of EDM are found encasing SSM and numerous
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mitochondria remain near the distorted nuclear envelope 
(Fig. 79). Starch grains and chloroplasts are evenly 
distributed throughout the cytoplasm, while electron dense 
vesicles are found clustered near active dictyosomes (Fig. 
78). The cup-shaped dictyosomes are always in association 
with mitochondria (Fig. 80). A feature that is often seen 
in B. californica, but not in B. plumosa, is the cluster of 
elongated mitochondria found at the cleavage furrows (Fig. 
81) .
The electron dense vesicles are no longer clustered in 
stage 4 tetrasporangia (Fig. 82), and few dictyosomes are 
present. The nuclear region is void of all organelles (Fig. 
83). Mitochondria no longer form a ring around the nucleus, 
but are often conspicuous along the periphery of the cell, 
where a peripheral tubule system exists and correlates with 
tetraspore wall formation (Fig. 84).
Bossiella chiloensis
Structurally, B. chiloensis has a pinnate branching 
pattern, like B. plumosa, but it does not have the branched 
axial intergenicula (Figs. 85, 86). The intergenicula are 
slightly larger (1.5mm long by 2.8mm wide) than those of B. 
plumosa, and may have two to four conceptacles on each 
intergeniculum. Only carposporogenesis was observed for B. 
chiloensis. The overall morphology of the
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female/carposporangial conceptacle is similar to that of B. 
plumosa (Figs. 87, 88). The major distinction for B . 
chiloensis is the presence of electron dense vacuoles with 
which some starch formation is associated. These are not 
found in B. plumosa. Otherwise, carposporogenesis occurs in 
the same manner as previously described.
Carposporogenesis
As expected, there is a continuum of pit plug 
connections from the fusion cell to the developing 
carposporangia, as well as an electron transparent channel 
running the length of the younger carposporangial cells 
(Fig. 89). The fusion cell is long and convoluted as it 
connects to oval elongated unfertilized carpogonial branch 
cells as well as squarish gonimoblast cells (Fig. 90). The 
fusion cell, gonimoblasts, and very young carposporangia 
have few organelles: clusters of chloroplasts, mitochondria, 
vacuoles, and RER (Figs. 89, 90). The nuclei of these cells 
are round and have no organelle associations.
Late stage 1 carpospores are much larger in size and 
have more organelles than do fusion and gonimoblast cells 
(Figs. 89, 91). Nuclei have slightly scalloped nuclear 
envelopes and SSM with sparse EDM and mitochondria are 
loosely adjacent (Fig. 91). There is no stage 2 in 
carposporogenesis since meiosis does not occur. During 
stage 3, vacuoles decrease in number while the number of
34
starch grains, mitochondria, and chloroplasts increases 
(Compare Figs. 92 and 95). As stage 3 progresses, more 
mitochondria and EDM-coated SSM accumulate around the 
nucleus (Compare Figs. 93 and 96). Cup-shaped dictyosomes 
are always found in association with mitochondria (Fig. 94). 
Starch grains begin to form around the periphery of the 
large cytoplasmic vacuoles (Fig. 94).
By mid-stage 3 (Fig. 95), the nuclear envelope, 
surrounding mitochondria, and SSM are coated by thick 
accumulations of EDM (Fig 96). The mitochondria are found 
within cups formed by the scalloping of the nuclear 
envelope. Dictyosomes produce electron dense vesicles 
throughout stage 3 (Fig. 97) forming vesicles that cluster 
throughout the cytoplasm (Fig. 98). These vesicles become 
dispersed in the cytoplasm as dictyosomes become inactive 
and are relatively inconspicuous in the cytoplasm. Towards 
the end of stage 3, both mitochondria and EDM are less 
abundant at the periphery of the nucleus (Fig. 99). By 
stage 4, a punctate, electron dense carpospore wall and 
peripheral tubule system are characteristically seen (Fig. 
100) .
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DISCUSSION
Ultrastructural differences between red algal sporangia 
include items such as dictyosomal differentiation and 
morphology, floridean starch and secretion vesicle 
distributional patterns, extent of endoplasmic reticulum 
(ER) and other organelles at the sporangial periphery, and 
nuclear associations with organelles such as mitochondria, 
perinuclear endoplasmic reticulum (PER), and electron dense 
material (EDM) (Vesk and Borowitzka 1984). In order to 
assess the value of characteristics such as these, the 
following discussion describes distinctive features found in 
Bossiella (Table 2) and relates them to other coralline 
genera.
FEATURES UNIQUE TO CARPOSPORANGIA 
Fusion Cells
Sections of the convoluted fusion cell were observed to 
cover the floor of the conceptacle. Throughout 
carposporangial development, the fusion cell continues to 
merge with surrounding cells, including both vegetative 
cells of the female gametophyte, unfertilized carpogonia, 
and gonimoblast cells (Kugrens and Arif 1981, Delivopoulos
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and Kugrens 1984b). Fusion cells are, thus, multinucleate 
with many large, spherical nuclei that are assumed to be 
diploid since the fusion cell is believed to be formed after 
union of male and female nuclei (Johansen 1981) . No 
degenerating haploid nuclei from vegetative cells were found 
in the fusion cell.
A nutritive function has been suggested for the fusion 
cell (Kugrens and Arif 1981). Cells that merge with the 
fusion cell may provide nutrients for development of the 
connected cells, especially the carposporangia (Delivopoulos 
and Kugrens 1984b). The fusion cells of B. plumosa and B.
chiloensis, however, have poorly developed plastids and no
starch grains. The lack of starch argues against these 
cells being sites of nutrient storage. They may, however, 
act as avenues of transport for nutrients and other 
substances, in which case, pit connections with the
gonimoblast cells may act as intercellular sites of
transportation (Borowitzka and Vesk 1979, Broadwater and 
Scott 1982, Kugrens and Delivopoulos 1985).
Gonimoblast Cells and Unfertilized Carpogonia
Two types of cells were observed to be connected to the 
post-fertilization fusion cell, both very similar with 
respect to scarcity of cytoplasmic organelles. One type is 
the meristematic gonimoblast cell that give rise to 
carposporangia; the other type is the unfertilized
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carpogonial branch cells which most likely fuse before 
degenerating. With their dense cytoplasm, absence of a 
distinct cell wall, and large vacuoles, both types are 
ultrastructurally similar to the fusion cell. Variation 
between the two forms is provided by the overall shape of 
the cell, the presence/absence of a connection to developing 
carposporangia, and the presence of unusual structures such 
as degenerating haploid nuclei and crystals. Cell shape is 
most likely related to the presence/absence of developing 
carposporangia connected to the cell. Gonimoblast cells are 
short and squat, possibly due to their role of supporting 
carposporangial cells. Unfertilized carpogonia are usually 
elongate and elliptic, comparable to their original 
morphology.
One of the most distinctive features of gonimoblast 
cells and young carposporangia are the electron transparent 
channels that run through the cells from one pit connection 
to the other. It has been suggested that such connections 
may permit transport and communication between cells 
(Borowitzka and Vesk 1979, Wetherbee 1980, Broadwater and 
Scott 1982, Ramm-Anderson and Wetherbee 1982). Channels 
might enhance or simply direct transport Polysiphonia 
(Broadwater and Scott 1982) from the fusion cell to 
developing carposporangia. Enlarged plugs and/or changes in 
plug structure as described for Polysiphonia novaeangliae 
(Wetherbee 1980) and , however, were not observed in
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Bossiella.
Spherical masses of dark-staining material, found in 
the cytoplasm of unfertilized carpogonial branches, have 
been suggested to be degenerating haploid nuclei (Kugrens 
and Delivopoulos 1985). To insure that only diploid nuclei 
aid in formation of the carposporophyte generation, it is 
assumed that haploid nuclei either degenerate or are 
inactivated (Kugrens and Arif 1981, Delivopoulos 1990) . 
Inactivation of these nuclei may occur through dehydration 
and chromatin condensation (Kugrens and Delivopoulos 1985) .
Nonmembrane-bound crystalline structures were observed 
in several unfertilized carpogonia. Crystals have been 
found in various locations in different red algal species: 
vegetative cells of Wrangelia plumosa (Wetherbee et al 1984) 
and Antithamnion defectum (Young 1979, Young and West 1979), 
fusion cell lobes of Polysiphonia (Wetherbee 198 0), and 
carpogonia of Polysiphonia (Broadwater and Scott 1982) . The 
crystals most likely function as storage structures for 
protein, polysaccarides, or nitrogen (Young 1979, Young and 
West 1979, Wetherbee 1980, Wetherbee et al 1984, Pueschel 
1990, 1992). Crystals can be broken down into roughly two 
categories: the membrane-bound type that are derived from 
either ER or dictyosomes and the nonmembrane-bound crystals 
that autopolymerize in the cytoplasm (Wetherbee et al 1984) . 
The nonmembrane-bound type is not usually associated with 
any other organelles unless due to spatial constraints.
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Both crystal types are generally found to be oriented in 
linear arrays (Wetherbee et al 1984), but they may vary in 
both their substructure and morphology (Pueschel 1992) .
More than sixteen coralline species have been reported to 
have such structures (Pueschel et al 1992). The crystals of 
Polysiphonia appear as the densely stained gonimoblast cells 
prepare to merge with the fusion cell, and there is a 
reduction in both proteinaceous material and ribosomes 
(Wetherbee 1980). Following gonimoblast cell breakdown, 
these elongate crystals form. Wetherbee (1980) suggests 
that these degrading cells may have a nutritive function.
The crystals found in unfertilized carpogonia of 
Bossiella may also function as storage of proteins and 
nitrogen for later use. The stored material may eventually 
be reabsorbed by the fusion cell following the union of the 
two cells and the substance can then be passed along to 
gonimoblast cells. Even though there is variation in the 
type of crystals found in different coralline species, they 
may not be a reliable taxonomic character (Pueschel 1992) . 
While they may be homologous, arising as a product of the 
same gene that had undergone an evolutionary change 
following species divergence, they could also be analogous, 
arising as the products of completely unrelated genes.
40
FEATURES SHARED BY TETRA-, BI-, AND CARPOSPORANGIA 
Position of Developing Sporangia
Within a given conceptacle, development of sporangia 
tetra-, bi-, or carposporocytes) in most coralline red algae 
is non-synchronous. Development of sporangia in both 
carposporangial and tetrasporangial conceptacles occurs 
anywhere on the inner conceptacle surface in Bossiella 
species. This phenomena is also found in the genera 
Arthrocardia, Calliarthron, Corallina, Sporolithon, 
Phymatolithon, and Neogoniolithion (Lebednik 1977). 
Gonimoblast filaments and/or tetrasporangia form a 
peripheral ring in the conceptacles of Lithothrix,
Haliptilon, Jania, Serraticardia, Ezo, Lithophyllum,
Tenarea, Clathromorphum, Melobesia, Kvaleya, Leptophytum, 
Choreonema, Hydrolithon (Fosliella) , Mastophora, Porolithon, 
and Pseudolithophyllum (Lebednik 1977), as well as the newly 
described genera Pneophyllum and Spongities (Chamberlain 
1994). Unfortunately, this difference in pattern is not a 
good taxonomic character. Species that have peripherally 
located tetrasporangia are found in both groups with and 
without secondary pit connections (Johansen 196 8) and many 
genera have both types of sporocyte distributions occurring 
in different species (Lebednik 1977). Additionally, it 
would be better to use tetrasporangial primordia as a 
taxonomic character since ontogenetically younger 
reproductive structures are more reliable (Johansen 1968).
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Dictvosomal Activity
Dictyosomes are always found with their forming face 
associated with a mitochondrion (Alley and Scott 1977, 
Pueschel 1990) . This association might provide a logical 
site for energy production in an area of high energy 
consumption (Delivopoulos and Kugrens 1984a). In stage 1 
carposporangia and tetrasporangia, dictysomes are straight- 
profiled, but take on a cup-shaped profile by stage 3 
development. In cross-section older dictyosomes are visible 
as complete circles. Dictyosomes are active beginning in 
late stage 1 until late stage 3 development. No further 
changes in dictyosomal morphology and activity such as that 
described for the tetrasporocytes of Polysiphonia denudata 
(Alley and Scott 1977) or the carposporocytes of Nemalion 
helminthoides (Ramm-Anderson and Wetherbee 1982), 
Faucheocolax attenuata (Delivopoulos and Kugrens 1984a), and 
Chondria tenuissima (Tsekos 1985) were observed for 
Bossiella . The only type of vesicles seen to be produced 
by the dictyosomes are the electron dense vesicles that are 
found aggregated near relatively small dictyosomes in stage 
3 sporangia, but scattered throughout mature sporangia. 
Similar bodies are found in Haliptilon (Duckett and Peel 
1978, Vesk and Borowitzka 1984) and Corallina (Peel et al. 
1973). Their appearance and location at the periphery of 
mature spores indicates that they mostly likely are involved 
in post-release spore adhesion (Duckett and Peel 1978, Vesk
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and Borowitzka 1984). Few dictyosomes are found in mature 
sporangia, and those that are still present appear to be 
degenerating.
Dictyosomal activity occuring during sporogenesis 
apparently has no true taxonomic significance. The 
morphology of this organelle reflects subcellular processes 
that are similar in all sporangia, not taxonomic features 
(Duckett and Peel 1978).
Floridean Starch Formation
Starch formation is comparable in carposporangial, 
tetrasporangial, and bisporangial development in Bossiella. 
Large fibrous vacuoles that are abundant in stage 1 
sporangia and a ringlet of starch grains is produced about 
their periphery during late stage 1. Starch formation 
apparently continues concommitent with a reduction in 
vacuole size until the onset of stage 3 at which time there 
is a plethora of clustered starch grains, but no vacuoles. 
While clustered, starch grains are often found between RER 
cisternae. Starch grain association with RER has also been 
reported for B. orbigniana, Corallina Vancouveriensis 
(Wilson 1993), Lithothrix aspergillum (Borowitzka 1978, 
Mansfield 1994), Amphiroa fragilissima (Dearstyne 1994), and 
Amphiroa zonata (Hanke 1994), but the starch grain 
association is quite different for Lithothrix and Amphiroa. 
In these species, starch grains form in linear files between
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the RER. Vacuoles are not involved, and the RER is mostly 
likely responsible for the generation of starch. 
Additionally, while the ER association with starch grain 
formation has been described for other red algal species 
(Vesk and Borowitzka 1984), stage 1 and 3 vacuoles in 
developing sporangia have not previously been noted in non­
coralline algae (Kugrens and West 1972, Scott and Dixon 
1973, Alley and Scott 1977, Kugrens and Koslowsky 1981) . 
Within the corallines, Haliptilon (Vesk and Borowitzka 1984) 
and Corallina (Peel et al. 1973) were found to have some 
accumulation of vacuoles in early stages of sporogenesis, 
while B. orbigniana (Wilson 1993) had amounts that are 
comparable to that seen in B. plumosa, B. californica, and 
B. chiloensis. Further studies are necessary in order to 
determine whether these characteristics are unique to 
corallines.
Mature sporangia have many starch grains scattered 
throughout their cytoplasm. Starch grain shape varies 
within a single individual for all Bossiella species. Gori 
(1982) observed several forms in GastrocIonium clavatum, 
including curved or straight rod-shaped starch grains and 
paired, biconcave grains. A large quantity of starch grains 
has also been observed in mature tetrasporangia of 
Haliptilon (Vesk and Borowitzka 1984). These reserves are 
thought to provide germinating tetraspores with the high 
energy needed for rapid division during germination.
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Breakdown of floridean starch grains is never observed as it 
was for carpospores of Caulacanthus ustulaus (Delivopoulos 
and Diannelidis 1990a). In carposporophyte conceptacles, 
starch grains are never found in any cells other than 
developing carpospores. This situation is in contrast to 
development of Gracilaria verrucosa in which fusion cells 
contain starch grains that are being used for energy 
(Delivopoulos and Tsekos 1983) and in Chondria tenuissima 
(Tsekos 1985) and Plocamiocolax pulvinata (Kugrens and 
Delivopoulos 1986) in which some gonimoblast cells contain 
numerous starch grains.
Cell Wall Formation
Young Bossiella carposporangia, tetrasporangia, and 
bisporangia are surrounded by an indistinct sporangial wall. 
As development proceeds, a mucilage layer is produced, 
separating the sporangial plasmalemma from the sporangial 
wall. During stage 1, many organelles, especially 
dictyosomes and mitochondria, can be found along the cell 
periphery. Discontinuous, layered ER is also observed 
running parallel to the plasmalemma, a feature also noted 
for Haliptilon (Vesk and Borowitzka 1984). This ER may 
provide storage of materials for later use in mucilage layer 
and spore wall formation. Possible evidence for this lies 
in the observation that peripheral ER disappears as the 
spore wall is created (Vesk and Borowitka 1984) .
45
Cell wall formation, seen as punctate patches just 
outside of the sporangial plasmalemma in Bossiella, 
commences near the end of stage 3 of tetra-, bi-, and 
carposporogenesis and continues for a short time following 
cytokinesis in the tetrasporangia, as in Haliptilon (Vesk 
and Borowitzka 1984) and B. orbigniana (Wilson 1993). The 
highly irregular profile of the plasmalemma becomes more 
regular as the spores reach maturity, as was also noted for 
Gracilaria verrucosa (Delivopoulos and Tsekos 1983) . The 
Bossiella border takes on a three-layered appearance with a 
transparent region lying between the electron dence 
plasmalemma and the outer punctate, newly formed spore wall. 
This initial production of the spore wall is an unusal 
feature since in most red algae it is not developed until 
after germination. Electron dense vesicles produced by the 
dictyosomes are abundant in the Bossiella stage 4 cell's 
periphery, as are mitochondria.
An extensive peripheral tubule system is also found in 
stage 4 Bossiella sporangia, perpendicular to the cell wall. 
Wilson (1993) also noted a similar phenomena in B. 
orbigniana. Transport or secretary functions have been 
attributed to these tubular invaginations, and they have 
been reported to be identical in appearance, structure, and 
localization for carpospores, tetraspores, and spermatia 
(Wetherbee 1978, Vesk and Borowitzka 1984). These 
ubiquitous structures may act as extensions of the
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plasmalemma as they are always found to be continuous with 
it and closed at their distal end (Wetherbee 1978). This 
morphology allows for a significant increase in the surface 
area of the plasmalemma, perhaps to enhance the diffusion of 
nutrients (Avanzini and Honsell 1984, Vesk and Borowitzka 
1984). They come in close proximity to organelles such as 
mitochondria and ER. It is possible that this association 
facilitates the transport of materials to the cell wall.
They may also be used as an additional site of synthesis, 
beyond that provided by the ER and dictyosomes, for 
components needed in spore wall formation (Wetherbee 1978).
Nuclei and Perinuclear Associations
The irregular profile of nuclei at young stages of 
sporogenesis has been suggested to increase the surface area 
of the nuclear envelope (Tsekos 1985). This feature has 
been reported for other nuclei, including the 
carposporangial nuclei of Chondria tenuissima (Tsekos 198 5) . 
In developing tetra- and carpospores of Polysiphonia, 
material has been reported to pass from the nucleus to the 
cytoplasm (Tripodi 1977). This nuclear blebbing was never 
observed in Bossiella.
Remarkable cytoplasmic associations for both 
tetrasporangial and carposporangial nuclei have been 
discovered for various red algae. PER is only occasionally 
observed during tetrasporocyte prophase I in Dasya
47
ba.illouvia.na., develops during metaphase I, and disappears 
prior to interkinesis (Broadwater et al 1986a, 1986b). It 
re-establishes itself by metaphase II, and becomes quite 
extensive (Broadwater et al 1986a, 1986b). In Ptilota 
hypnoides, ER cisternae encircle stage 1 tetrasporocyte 
nuclei, but are disrupted during stage 2 (Scott and Dixon 
1973). By tetrasporangium maturity, they are replaced by a 
vesiculate ER (Scott and Dixon 1973). In Harveyella sp., 
post-meiotic tetrasporocyte nuclei have parallel ER 
cisternae running between them (Kugrens and Koslowsky 1981). 
ER has also been reported at the nuclear periphery in the 
developing cells of Chondria tenuissima in which 7-11 
cisternae are found surrounding the nuclei (Tsekos 1985) . 
Such interactions between the nucleus and other organelles 
are likely to become invaluable to taxonomy, especially in 
relation to the corallines (Duckett and Peel 1978).
The nuclei of carposporangia, tetrasporangia, and 
bisporangia of B. plumosa all have a close association with 
mitochondria. Several mitochondria surround the nuclei of 
these cells, often located in the invaginations formed by 
the scalloped nuclear envelope. This mitochondrial 
association has also been observed in other red algal 
species such as carposporangia of Gracilaria verrucosa 
(Delivopoulos and Tsekos 1986) and Chondria tenuissima 
(Tsekos and Schnepf 1985).
Perinuclear endoplasmic reticulum (PER) in Bossiella is
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more abundant in carposporangia than in tetrasporangia and 
bisporangia. It extends away from the nuclear envelope 
during stage 1 and encases the nucleus and its associated 
SSM, mitochondria, and EDM during stage 3. By stage 4, no 
ER is associated with the nucleus; only smooth surfaced 
membranes and vesicles are found in the nuclear region. Two 
functions have been suggested for the ER in red alga cells 
(Vesk and Borowitzka 1984). In multinucleate cells, ER may 
serve to compartmentalize nuclei. It may also relate to the 
high metabolic activity of the sporangium, aiding in the 
increase in organelles such as dictyosomes and starch 
grains. Different orientations of the ER during 
sporogenesis may relate to a change in function (Vesk and 
Borowitzka 1984).
EDM appears near the nuclei of tetra-, bi-, and 
carposporocytes during stage 1 growth. This substance 
ensheathes the PER system that surrounds the nucleus until 
late stage 3 when it begins to dissipate. Interspersed with 
the EDM and PER are the above mentioned mitochondria. No 
EDM is found in mature spores. The function of EDM is 
unknown. Wilson (19 93) attempted cytochemically to 
determine the nature of EDM. Her findings were somewhat 
inconclusive, but she does implicate an RNA component to the 
EDM. Peel et al. (1973) suggest that EDM may have a nuclear
origin and result as a product of nucleocytoplasmic 
interaction, possibly functioning in ribosomal assembly.
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Vesk and Borowitzka (1984) implicate EDM in RNA processing.
Systematic Implications of Perinuclear Associations in 
Geniculate Corallines
Mitochondria-PER-EDM associations were found to be 
similar for tetrasporoangia in B. orbigniana (Wilson 1993), 
B. plumosa, and B. californica (tetrasporogenesis was not 
observed for B. chiloensis) . Comparable amounts of such 
perinuclear associations were found in the developing 
carposporangia of B. plumosa and B. chiloensis 
(carposporogenesis was not observed for B. californica nor 
B. orbigniana). Additionally, starch formation, dictyosomal 
activity, and plasmalemmal associations (ER, peripheral 
tubules, and spore wall) were nearly identical for all 
Bossiella species during tetra-, bi-, and carposporogenesis. 
All types of sporangial development would be equally helpful 
in providing the ultrastructural characteristics used in 
assessing phylogenetic relationships.
The genus Bossiella is one of the two largest 
corallinoidean genera collected in California; Calliarthron 
is the other. Two Calliarthron species have been examined. 
Both C. cheilosporoides (Wilson 1993) and C. tuberculosum 
(J.L. Scott, unpublished) have mitochondria-PER-EDM 
associations that are identical to those of Bossiella sp; a 
third corallinoidean genus, Chiharaea, also has the 
Bossiella-type of nuclear organelle associations (K.J. 
Karnas, unpublished). This particular type of perinuclar 
organelle association has been designated the Bossiella-type
50
(Wilson 1993).
Four additional Corallinoidean species have been 
examined: Corallina officianalis (Peel et al. 1973), C. 
Vancouveriensis (Hollis 1994)), Haliptilon cuvieri (Vesk and 
Borowitzka 1984)), and Jania tenella (Wilson 1993). 
Specialized perinuclear organelle associations have also 
been observed for each of these genera and the form of this 
association is structurally different than the Bossiella- 
type. Wilson (1993) has therefore designated it the 
Corallina-type. This latter type has two distinct 
appearances during sporogenesis. In early stages of 
sporogenesis, EDM is located in cytoplasmic pockets formed 
by the scalloped nuclear envelope and PER lies parallel to 
the nuclear envelope just outside of the mitochondrial layer 
(Vesk and Borowitzka 1984, Wilson 1993). Post-meiotic 
sporangia no longer have the invaginations in the nuclear 
envelope and EDM-coated PER radiates perpendicularlly more 
than 2fim away from the nucleus in an "eyelash configuration" 
(Peel et al. 1973, Duckett and Peel 1978, Vesk and 
Borowitzka 1984). The EDM of Haliptilon contains many 
ribosomes and stains with toluidine blue but not safrin, 
suggesting that it is composed of a proteinaceous substance 
(Vesk and Borowitzka 1984) . PER decreases throughout 
cytokinesis in all genera regardless of type.
Of the other two remaining geniculate subfamilies, only 
one has been examined, Amphiroideae. The sole genus in
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Metagoniolithoideae, Metagoniolithon, has not been studied. 
Within Amphiroideae three species have been examined: 
Amphiroa fragilissima (Dearstyne 1994) , A. zonata (Wilson 
1993, Hanke 1994), and Lithothrix aspergillum (Borowitzka 
1978, Borowitzka and Vesk 1979, Mansfield 1994). The 
Amphiroidean genus Amphiroa has PER and many chloroplasts 
surrounding its nucleus, but there are few mitochondria and 
no associated EDM (Dearstyne 1994, Hanke 1994). In 
addition, there is no EDM associated with nuclei of 
Lithothrix, (Borowitzka 1978, Mansfield 1994). This 
difference in the presence/absence of EDM amongst the 
geniculate corallines is notable because it correlates with 
the presence/absence of secondary pit connections and cell 
fusions (Table 3). Only secondary pit connections are found 
in Amphiroideae, whose members do not have EDM, while cell 
fusions and EDM are found in all Corallinoideae studied. If 
these structures are in some way correlated, a study of 
perinuclear associations in Metagoniolithoideae should find 
EDM since this subfamily also has cell fusions.
Systematic Implications of Perinuclear Associations in 
NonGeniculate Corallines
The Corallina-type of perinuclear organelle 
associations has been observed for the early stages of 
development in the nongeniculate genus Metamastophora 
(Wilson 1993). This genus is a member of the subfamily, 
Mastophoroideae, in which only cell fusions are found (Table
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3). This result correlates well with the corallinoidean 
findings and suggests that perhaps the Cabioch (198 8) scheme 
that emphasizes the type of secondary cell connection as a 
phylogenetic characteristic may be more valid than the 
Johansen (1976, 1981) and Woelkerling (1988, 1990) scheme 
which relies primarily on genicula to separate subfamilies.
A union of Corallinoideae and Mastophoroideae might be 
warranted. In addition, 18S rRNA gene sequence analyses on 
the mastophoroideaen species Spongites yendoi has suggested 
that the Mastophoroideae are more closely related to the 
Metagoniolithoideae and Amphiroideae than any of the other 
nongeniculate subfamilies (Bailey and Chapman, in press). 
These findings imply that the geniculate taxa arose twice 
from separate, nongeniculate ancestors; to separate the two 
forms into different subfamilies is not phylogenetic. This 
would support Cabioch7s union of geniculate and 
nongeniculate genera. However, Mastophoroideae have cell 
fusions while Amphiroideae have secondary pit connections. 
This argues against Cabioch who uses secondary cell 
connections in determining subfamilies.
Surprisingly, an examination of the mastophoroidean 
genus Hydrolithon (formerly called Fosliella) weakens this 
arguement. While Hydrolithon farinosa does have PER in its 
nuclear region, it lacks EDM (Wilson 1993, Dearstyne 1994). 
Many additional genera need to be examined in 
Mastophoroideae in order to more precisely determine the
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prevalent type of sporangial nuclear association in this 
subfamily.
The only remaining nongeniculate subfamily that has 
cell fusions and would therefore be expected to have EDM is 
Melobesiodeae. Unfortunately, Melobesia has been examined 
and no EDM was found (Agee 1995). Instead, only 
mitochondria and chloroplasts are associated with the 
nucleus, somewhat similar to what was seen in Amphiroa.
This is not, however, the only feature that distinguishes 
this subfamily from other subfamiles with cell fusions and 
no secondary pit connections. The Melobesiodeae also have 
multiporate tetrasporangial conceptacles, which are not seen 
in any geniculate coralline genera (Table 3). Perhaps they 
are more distantly related than evidenced by their secondary 
cell connections.
The two remaining coralline subfamilies are 
Choreonematoideae and Lithophylloideae. Since both 
subfamilies lack cell fusions, it is not surprising that 
both families also lack EDM. Titanoderma (Lithophylloideae) 
has secondary pit connections and perinuclear associations 
with starch grains (Wilson 19 93). Choreonema 
(Choreonematoideae) lacks both cell fusions and secondary 
pit connections, and has only PER associated with its 
sporangial nuclei (E. LaPointe, unpublished).
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Conclusions
Not only do cytoplasmic activities (Table 3) such as 
dictyosomal morphology, activity, and associations, starch 
grain formation, vacuole presence, sporangial wall 
separation by a mucilage layer, peripheral tubule 
appearance, and the development of a spore wall all occur 
during comparable stages of tetra-, bi- and 
carposporogenesis, but these features remain constant for 
all four of the North American Bossiella. species. The 
association of EDM with smooth surfaced membranes and 
mitochondria in the nuclear region is also characteristic of 
sporogenesis for all Bossiella species. Additionally, these 
patterns of development, especially in regards to 
perinuclear organelle associations, are also found in 
Calliarthron and Chiharaea. A different form of 
associations is found in at least three other corallinoidean 
genera, Corallina, Haliptilon, and Jania, as well as a 
mastophoroidean genus, Metamastophora. With the exception 
of Hydrolithon, EDM has been found in all examined genera 
that have cell fusions, no secondary pit connections, and 
uniporate conceptacles. Genicualte and nongeniculate genera 
that lack cell fusions, such as Amphiroa, Lithothrix, 
Titanoderma, and Choreonema also lack EDM. This implies 
that some nongeniculate genera are more closely related to 
geniculate genera than current taxonomy dictates. Many more 
nongeniculate genera, the remaining Corallinoideae, and the
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only other geniculate subfamily that has cell fusions, the 
monotypic Metagoniolithoideae, need to be examined in order 
to determine whether perinuclear organelle associations are 
a stable phylogenetic characteristic.
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TABLE 1 CLASSIFICATION OF CORALLINACEAE
CORALLINACEAE, PATTERNED AFTER JOHANSEN (1981)
Geniculate subfamilies
Amphiroideae
Amphiroa
Lithothrix
Corallinoideae
Alatocladia
Arthrocardia
Bossiella
Calliarthron
Cheilosporum
Chiharaea
Corallina
Haliptilon
Jania
Marginisporum
Serraticardia
Yamadaea
Metagoniolithoideae
Metagoniolithon
Nongeniculate subfamilies 
Choreonematoideae Lithophylloideae
Choreonema Ezo
Lithophyllum
Tenarea
Titanoderma
Mastophoroideae
Hydrolithon
Lesureuria
Lithoporella
Mastophora
Metamastophora
Neogoniolithon
Pneophyllum
Spongites
Melobesiodeae
Clathromorphum
Kvaleya
Lithothamnium
Mastophoropsis
Melobesia
Mesophyllum
Phymatolithon
Synarthrophyton
CORALLINACEAE, PATTERNED AFTER CABIOCH (1988) & CHAMBERLAIN (1978)
Choreonematoideae
Choreonema
Lithophylloideae Corallinoideae Melobesiodeae
Ezo Hydrolithon Clathromorphum
Lithophyllum Lesureuria Kvaleya
Tenarea Lithoporella Lithothamnium
Titanoderma Mastophora Mastophoropsis
Amphiroa Metamastophora Melobesia
Lithothrix Neogoniolithon Mesophyllum
Pneophyllum Phymatolithon
Spongites
Alatocladia
Arthrocardia
Bossiella
Calliarthron
Cheilosporum
Chiharaea
Corallina
Haliptilon
Jania
Marginisporum
Serraticardia
Yamadaea
Synarthrophyton
Metagoniolithoideae
Metagoniolithon
* GENICULATE GENERA ARE BOLD
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KEY TO ABBREVIATIONS
c chloroplast
d dictyosome
dh degenerating haploid nucleus
e eletron dense vesicle
EDM electron dense material
F fusion cell
G gonimoblast cell
L lipid-like globules
m mitochondria
ml mucilage layer
n nucleolus
Nu nucleus
PER perinuclear endoplasmic reticulum
RER rough endoplasmic reticulum
s starch
SSM smooth surfaced membrane
U unfertilized carpogonia
V vacuole
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Fig. 1. Thallus of Bossiella plumosa tetrasporophyte. Up 
to two conceptacles can be found on each intergeniculum. 
x 30.
Fig. 2. Scanning electron micrograph of Bossiella plumosa 
tetrasporophyte. Lateral branches are indicated by 
arrowheads. Abraded conceptacles are indicated by 
asterisks. x 23.
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Fig. 3. DAPI treated tetrasporangial conceptacle. DNA of 
both chloroplasts and nucleoli fluoresce. x 110.
Fig. 4. Toluidine blue stained tetrasporangial conceptacle. 
Tetrasporangia are of varying ages. x 110.
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Fig. 5. Stage 1 tetrasporangium with off-center nucleus. 
Many vacuoles are found in these young cells. 
Tetrasporangial wall is indicated by arrowheads. x 2,000.
Fig. 6. Straight-faced dictyosomes found in association 
with mitochondria during stage 1. Moderately electron 
dense, lipid-like material is often found in the cytoplasm, 
x 46,300.
Fig. 7. Dividing chloroplasts in early stage 1 sporangium. 
Arrowhead indicates RER along the tetrasporangial border, 
x 27,300.
Fig. 8. Early stage 1 tetrasporangium with basal nucleus. 
Arrowheads indicate tetrasporangial wall. RER and 
mitochondria are found in the nuclear region. Dividing 
chloroplast is indicated by asterisk. x 7,500.
70

Fig. 9. Late stage 1 tetrasporangial nucleus. More 
mitochondria surround the nucleus and EDM on SSM 
(arrowheads) is now present in the nuclear region. Note the 
beginning of starch formation at the periphery of vacuoles 
(asterisks). x 6,100.
Fig. 10. Detail of Fig. 9 nuclear region. Mitochondria are 
found in cups along the scalloped nuclear envelope. EDM 
surround both mitochondria and SSM (asterisks). x 38,100.
Fig. 11. Starch formation along the periphery of stage 1 
vacuoles. Starch grains are indicated by arrowheads, 
x 13,000.
Fig. 12. Detail of Fig. 11 starch formation. Multi-layered 
membranes (asterisks) form within the vacuoles. Arrowheads 
indicate RER. x 38,100.
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Fig. 13. DAPI treated early stage 3 tetrasporangium. Note 
DNA in both nuclei and chloroplasts fluoresce. x 13 0.
Fig. 14. Toluidine blue stained early stage 3 
tetrasporangium. Note that at this stage cleavage furrows 
have not been formed. x 13 0.
Fig. 15. Late stage 3 DAPI treated tetrasporangium. Note 
fully formed cleavage furrows (arrowheads). x 130.
Fig. 16. Late stage 3 toluidine blue stained 
tetrasporangium. Note fully formed cleavage furrows 
(arrowheads). x 13 0.
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Fig. 17. Stage 3 tetrasporangium with evenly separated 
nuclei. The nucleoli are usually seen off-center. One 
nucleus (*) is not off-center in this plane of section, 
x 2,100.
Fig. 18. Detail of Fig. 17 nucleus. EDM (arrowheads) and 
mitochondria surround the nucleus. Starch surrounds small, 
shrinking vacuoles (asterisk) and is associated with RER 
(double arrowhead). x 8,3 00.
Fig. 19. One pair of mid-stage 3 nuclei. EDM (arrowheads) 
and mitochondria surround the nuclear envelope. Dictyosomes 
are generating electron dense vesicles in the cytoplasm, 
x 8,300.
Fig. 20. Cleavage furrow of mid-stage 3 tetrasporangium. A 
thin extension of the tetrasporangial wall runs through the 
middle of the cleavage furrow (arrowhead). Dictyosomes 
associated with mitochondria are found near electron dense 
vesicle clusters. x 13,000.
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Fig. 21. Late stage 3 tetrasporangium with aggregations of 
electron dense vesicles and clusters of starch grains. Only 
two nuclei are visible. x 1,500.
Fig. 22. Detail of nucleus of Fig. 21. EDM (arrowheads) 
and mitochondria surround the distorted nuclear envelope, 
x 6,100.
Fig. 23. Stage 3 tetrasporangial periphery. Discontinuous 
tracts of RER (arrowhead) run along the tetrasporangial 
border. x 50,00 0.
Fig. 24. Cytoplasmic associations in stage 3 
tetrasporangia. Dictyosomes in association with 
mitochondria are near the electron dense vesicles. Lipid­
like globules are often surrounded by starch. x 14,10 0.
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Fig. 25. DAPI treated stage 4 tetrasporangium. The 
tetrasporangium has cleaved into four tetraspores. Note the 
DNA in the starch and nucleoli fluoresces. x 13 0.
Fig. 26. Toluidine blue stained stage 4 tetrasporangia.
The tetrasporangium has cleaved into four tetraspores. 
x 130 .
Fig. 27. Stage 4 fully cleaved tetrasporangium. The 
sporangial wall (arrowheads) and mucilage layer completely 
surround the tetrasporangium. Inside the tetrasporangium 
are four evenly spaced tetraspores. Two nuclei are seen, 
x 1,000.
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Fig. 28. Detail of nucleus in Fig. 27. Stage 4 nuclei are 
usually irregularly shaped and are surrounded by SSM lacking 
EDM. Mitochondria are also absent from the perinuclear 
region. Kidney-shaped starch grains are abundant in the 
cytoplasm as are the dispersed electron dense vesicles 
(arrowheads). x 13,000.
Fig. 29. Detail of another nucleus in a comparable stage 4 
tetrasporangium. x 6,100.
Fig. 30. Periphery of two stage 4 tetraspores separated by 
a mucilage layer. Mature tetraspores have newly formed cell 
walls (double arrowheads) with perpendicularly arranged 
peripheral tubules (arrowheads). The peripheral tubules run 
from the plasmalemma into the cytoplasm where they are often 
associated with mitochondria or electron dense vesicles, 
poorly defined dictyosomes are sometimes seen in stage 4 
tetraspores. x 2,200.
Fig. 31. Detail of peripheral tubules (arrowheads). The 
peripheral tubules appear continuous with the plasmalemma. 
x 95,400.
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Fig. 32. Thallus of Bossiella plumosa bisporophyte. 
Lateral branches (arrowheads) and intergeniula are similar 
to that of the tetrasporophyte (Compare to Fig. 1). x 30.
Fig. 33. Scanning micrograph of Bossiella plumosa 
bisporangial conceptacle which is comparable to the 
tetrasporangial conceptacles (Fig. 2). x 70.
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Fig. 34. Scanning micrograph of conceptacle interior where 
bisporangia are visible (asterisks). x 210.
Fig. 35. Toluidine blue stained bisporangial conceptacle. 
Bisporangia at various stages are visible. x 110.
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Fig. 36. Stage 1 bisporangium. Bisporangial wall is not 
distinct. Many vacuoles are visible in the cytoplasm, 
x 8,500.
Fig. 37. Detail of nucleus of Fig. 36. Strands of RER 
surround the nucleus. x 7,800.
Fig. 38. Non-medial section through a late stage 1 nucleus. 
SSM coated by EDM (arrowheads) and mitochondria surround the 
nucleus. Starch grains are visible at the periphery of 
vacuoles. x 5,800.
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Fig. 39. Early stage 3 bisporangium with cleavage furrow 
beginning to form (asterisk). Bisporangial wall (arrowhead) 
is distinct. x 1,400.
Fig 40. Stage 3, partially cleaved bisporangium. Starch 
grains, chloroplasts, and aggregations of electron dense 
vesicles are visible in the cytoplasm. A mucilage layer 
lies just inside of the distinct bisporangial wall 
(arrowhead). x 1,800.
Fig. 41. Detail of Fig. 4 0 nucleus. EDM (arrowheads) and 
mitochondria surround the nucleus. Chloroplasts and lipid­
like globules are visible in the surrounding cytoplasm, 
x 42,600.
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Fig. 42. Stage 4 bispore (other bispore not visible due to 
sectioning plane). Scattered electron dense vesicles, 
starch grains, and chloroplasts are abundant in the 
cytoplasm. The bisporangial wall (asterisk) surrounds the 
mucilage layer. x 1,600.
Fig. 43. Detail of typical, irregularly shaped bispore 
nucleus. Membranes and vesicles are the only objects found 
in the nuclear region. x 5,8 00.
Fig. 44. Bispore periphery with bisporangial wall (double 
arrowheads), mucilage layer, bispore wall (asterisk), and 
peripheral tubules (arrowheads). x 7,800.
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Fig. 45. Bossiella plumosa female thallus. Intergenicula 
and lateral branches (arrowheads) are similar to those of 
the tetra- and bisporophyte (Compare to Figs. 1 and 32). 
x 30 .
Fig. 46. Scanning electron micrograph of Bossiella plumosa 
female thallus. No more than two conceptacles are ever 
found on one side of an intergeniculum. Arrowheads indicate 
lateral branches. x 20.
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Fig. 47. Detail of carposporangial conceptacle interior. 
Carposporangia are indicated by asterisks. x 200.
Fig. 48. Toluidine blue stained carposporangial 
conceptacle. Note different cell types: convoluted fusion 
cell, unfertilized carpogonial branch cells, gonimoblast 
filaments, and developing carposporangia (asterisks). 
x 110.
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Fig. 49. Portion of the fusion cell. The fusion cell has
large vacuoles and several nuclei. Connected to the fusion 
cell is a short gonimoblast filament. Several unfertilized 
carpogonia are connected to the fusion cell, as seen in 
other planes of section. x 1,900.
Fig. 50. Detail of Fig. 49 connection between fusion cell
and gonimoblast cells. Pit plug is indicated by arrowhead, 
x 7,100.
Fig. 51. Portion of the fusion cell. Tracts of RER
(asterisk) run parallel to the longitudinal axis of the 
multinucleate cell. x 5,800.
Fig. 52. Portion of the fusion cell. An undeveloped, 
possibly dividing chloroplast is found in this fusion cell, 
as well as much RER and many mitochondria. x 12,2 00.
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Fig. 53. Unfertilized carpogonium. Note the large nucleus, 
degenerating haploid nucleus, crystals (asterisk), lipid­
like globule, and large membranous vacuole. x 21,000.
Fig. 54. Detail of Fig. 53 haploid nucleus, crystals 
(asterisk), and lipid-like globule. x 38,100.
Fig. 55. Several unfertilized carpogonia. Note that 
membranous vacuoles (arrowheads) and lipid-like globules are 
inside the nucleus. x 47,000.
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Fig. 56. Several developing carposporangia connected to a 
cube-like gonimoblast cell. The middle four cells are stage 
1, vacuolate carposporangia. The top-most cell is a stage 3 
carpospore and has a distinct carposporangial wall 
(arrowheads) and mucilage layer. x 7,100.
Fig. 57. Multinucleate gonimoblast cell. Lipid-like 
globules, two large nuclei, vacuoles, and RER (arrowhead) 
are present. Note the pit plug connection to a developing 
carposporangium (double arrowhead). x 7,800.
Fig. 58. Detail of Fig. 56 early stage 1 carposporangia. A 
channel (asterisks) runs the length of the sporangia. RER 
is found along the periphery of the late stage 1 
carposporangia (arrowheads). x 5,800.
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Fig. 59. Detail of young stage 1 carposporangia from Fig. 
56. The nucleus has no specialized perinuclear organelle 
associations at this time. There is sparse RER (arrowhead) 
and some mitochondria in the cytoplasm. x 1,500.
Fig. 60. Late stage 1 carposporangium. There are many 
chloroplasts and vacuoles throughout the cytoplasm. Note 
unfertilized carpogonial branch cells. x 2,500.
Fig. 61. Detail of nucleus from Fig. 60. Mitochondria 
surround the nucleus, some in association with dictyosomes. 
Strands of RER (arrowheads) radiate away from the nucleus, 
and some chloroplasts are found undergoing division 
(asterisk). x 7,800.
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Fig. 62. Detail of stage 3 carposporangium from Fig. 56. A 
distinct carposporangial wall (arrowhead) surrounds the 
mucilage layer that coats the sporangium. x 9,200.
Fig. 63. Detail of stage 3 nucleus from Fig. 62. 
Mitochondria and EDM coated SSM surround the distorted 
nuclear envelope, while RER is found just outside of this 
region. Curved dictyosomes are associated with mitochondria 
and have begun production of electron dense vesicles, 
x 7,800.
Fig. 64. Pit plug connection between stage 1 and stage 3 
carposporangia. The pit plug is indicated by an asterisk. 
The carposporangial wall of the stage 1 (arrowhead) is much 
less distinct than that of the stage 3 (double arrowhead). 
x 12,200.
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Fig. 65. Late stage 3 carposporangium. The nucleus (not 
seen in this view) of this carpospore is completely covered 
by RER (asterisk). Electron dense vesicles are aggregated 
throughout the cytoplasm. The mucliage layer is completely 
surrounded by the carposporangial wall. x 1,700.
Fig. 66. Detail of Fig. 65 nucleus and associated RER.
Some mitochondria are visible within the RER cisternae. x 
7,800.
Fig. 67. Stage 3 carposporangial periphery. The 
carposporangial wall (arrowhead) surrounds the mucilage 
layer at the spore border. Tracts of RER (double 
arrowheads) run along the edge of the cell. Aggregation of 
electron dense vesicles are near dictyosomes. x 12,200.
Fig. 68. Late stage 3 periphery. Three distinct tracts of 
RER run along the border of the carposporangium.
Connections (arrowhead) between the carposporangial wall and 
the plasmalemma are visible. x 26,000.
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Fig. 69. Late stage 3 carposporangium with central nucleus. 
Layers of RER (arrowhead) surround the nuclear region, 
x 1,900 .
Fig. 70. Detail of stage 3 nucleus from Fig. 69. The 
layered RER surrounds several mitochondria and dissipating 
EDM (arrowheads). x 7,100.
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Fig. 71. Stage 4 carposporangium. Electron dense vesicles 
are no longer aggregated in the cytoplasm. The nucleus is 
irregularly shaped. x 1,700.
Fig. 72. Detail of stage 4 nucleus from Fig. 71. The 
triangular nucleus is surrounded by SSM (arrowhead). Many 
chloroplasts can be found dividing (asterisk). x 5,800.
Fig. 73. Stage 4 periphery. Peripheral tubules (arrowhead) 
lie perpendicular to the plasmalemma. A newly formed cell 
wall (asterisk) is just inside of the mucilage layer which 
lies inside of the carposporangial wall (double arrowhead). 
x 38,100.
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Fig. 74. Thallus of Bossiella californica var. schmitti 
tetrasporophyte. Note that each intergeniculum may have 
many conceptacles. x 30.
Fig. 75. Scanning electron micrograph of Bossiella 
californica var. schmittii. x 20.

Fig. 76. Scanning electron micrograph showing 
tetrasporangia inside of a conceptacle of B. californica. 
x 810.
Fig. 77. Toluidine blue stained B. californica 
tetrasporangial conceptacle. Note that several different 
stages of tetrasporogenesis are visible. x 110.
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Fig. 78. B. californica late stage 3 partially cleaved 
tetrasporangium. Aggregations of electron dense vesicles 
are visible. A tetrasporangial wall (arrowhead) completely 
surrounds the mucilage layer that coats the cell. x 1/600.
Fig. 79. Detail of Fig. 78 nucleus. Trace amounts of EDM- 
coated SSM (arrowheads) surround the mitochondria in the 
nuclear region. x 7,800.
Fig. 80. Dictyosome/mitochondria association. The 
dictyosomes are generating electron dense vesicles, 
x 39,700.
Fig. 81. Detail of region around the stage 3 cleavage 
furrow. The tetrasporangial wall is continuous inside of 
the cleavage furrows (arrowhead). Elongated mitochondria 
are visible at the cleavage furrows. x 8,000.
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Fig. 82. Portion of B. californica stage 4 mature 
tetrasporangium. Electron dense vesicles are not visible as 
clusters, but instead are scattered throughout the 
cytoplasm. x 1,600.
Fig. 83. Detail of nucleus of Fig. 82. Nucleus is now 
surrounded by numerous smooth-coated vesicles. x 12,200.
Fig. 84. Detail of the periphery of Fig. 83. Peripheral 
tubules (arrowheads) are perpendicular to the plasmalemma 
which is just inside of the newly formed cell wall (double 
arrowheads). x 38,100.
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Fig. 85. Thallus of Bossiella chiloensis carposporophyte 
Up to four conceptacles are visible on intergeniculum. 
x 3 0.
Fig. 86. Scanning electron micrograph of Bossiella 
chiloensis carposporophyte. x 20.

Fig. 87. SEM detail of B. chiloensis carposporangial 
conceptacle interior. Carposporangia are indicated by 
asterisks. x 200.
Fig. 88. Toluidine blue stained conceptacle. Note the 
different cell types: convoluted fusion cell, unfertilized 
carpogonia, gonimoblast filaments, and developing 
carposporangia (asterisks). x 110.
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Fig. 89. Several different cells connected by pit plugs in 
a carposporangial conceptacle. The lowest cell in the 
conceptacle is the fusion cell which is connected to 
gonimoblast cells and possibly unfertilized carpogonia. The 
gonimoblast cell is connected to three developing stage 1 
carposporangia (asterisks). x 2,700.
Fig. 90. Detail of Fig. 89 pit connection (arrowheads) 
between the fusion cell and gonimoblast. x 4,800.
Fig. 91. Detail of late stage 1 B. chiloensis 
carposporangium from Fig. 89. Note the dark-staining 
vacuoles (asterisks). Pit connection with stage 1 cell is 
indicated by arrowhead. x 6,800.
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Fig. 92. Stage 3 B. chiloensis carposporangium with large 
central nucleus. Starch formation is occurring throughout 
the cytoplasm (asterisks). x 3,100.
Fig. 93. Detail of stage 3 nucleus from Fig. 92. 
Mitochondria and EDM-coated SSM (arrowheads) surround the 
nucleus. x 7,800.
Fig. 94. Detail of nuclear region from Figs. 92, 93. EDM 
(arrowheads) coats the mitochondria and SSM just outside of 
the nuclear envelope. Note dark-staining vacuoles that are 
involved in starch formation (asterisk). x 12,200.
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Fig. 95. Late stage 3 carposporangium. The "wavy" 
carposporangial wall (arrowheads) surrounds the mucilage 
layer that coats the entire carposporangium. x 2,800.
Fig. 96. Detail of nucleus from Fig. 95. Abundant EDM 
(arrowheads) coats mitochondria and SSM just outside of the 
nuclear envelope. x 7,800.
Fig. 97. Stage 3 dictyosomes in association with 
mitochondria. The curved dictyosomes are generating 
electron dense vesicles. x 62,700.
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Fig. 98. Late stage 3 carposporangium. Aggregations of 
electron dense vesicles are visible among the starch and 
chloroplasts. The carposporangium is still somewhat 
connected to younger carposporangia (arrowhead). x 1,400.
Fig. 99. Detail of stage 3 nucleus of Fig. 98. EDM 
(arrowheads) is sparse and there are few mitochondria 
pressed against the nuclear envelope. x 6,10 0.
Fig. 100. Stage 4 B. chiloensis carposporangial periphery. 
Peripheral tubules (arrowheads) are perpendicular to the 
plasmalemma and there is a newly formed cell wall 
(asterisks). The carposporangial wall (double arrowhead) 
surrounds the mucilage layer. x 22,3 00.
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